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(54) Hydro-mechanical transmission system for an agricultural harvesting machine 



(57) An agricultural harvesting machine, such as a 
combine harvester (1), is provided with an engine (15) 
driving a wet clutch (21), a hydrostatic pump (40) and a 
connected hydrostatic motor (45). The output shaft (47) 
of the motor (45) drives the sun gear (26) of a planetary 
drive (25) and the output (24) of the clutch (21) drives 
the ring gear (27) of the same drive (25). The carrier 
(28) is the output of the transmission (10) and drives the 
rotors (4) of the combine harvester (1). The transmis- 
sion (10) is controlled by a microcomputer (30). The 
microcomputer receives signals (37, 36) from an engine 
speed sensor (33) and a rotor speed sensor (32) and 
transmits controlling signals (34, 38) to the swash plate 
of the hydrostatic pump (40) and to a clutch valve (55) 
controlling the hydraulic pressure inside the clutch (21). 
The microcomputer (30) can also send a signal (35) to 
brake the ring gear (27) whiie reversing the direction of 
the hydrostatic motor (45) to make it act as a reverser 
for the rotors (4). The microcomputer (30) also can 
monitor signals from the rotor speed sensor (32) to con- 
trol the operation of the clutch valve (55) in order to syn- 
chronise the clutch. Appropriate control of the clutch 
(21) allows a slow initial speed of the rotors (4), while 
limiting damage to the dutch. 
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Description 

[0001] This invention relates to the improvement of 
a hydro-mechanical transmission on an agricultural har- 
vesting machine. More specifically, it relates to the use 
of such transmission for controlling the rotation of a crop 
processing unit such as a threshing rotor on a combine. 
[0002] Mechanical harvesting of grain has taken 
place for decades. However, efforts continue in the 
attempt to make harvesting operations more efficient 
and effective. A combine harvester generally includes a 
header, which cuts the crop. The header then moves the 
cut crop into a feeder house. The feeder house lifts the 
cut crop into the threshing, separation and cleaning 
areas of the combine. The grain is separated from the 
stalk by a rotor or cylinder threshing system. The grain 
is then separated and moved and stored in a grain tank. 
The chaff and trash are deposited from the rear of the 
combine. The grain stored in the grain tank is eventually 
discharged through a grain tank unload tube. An opera- 
tor usually runs these various operations from a glass- 
enclosed cab. Typically, the cab is located above and 
behind the header and feeder house. 
[0003] There are a variety of agricultural combine 
harvesters and their operations are well known in the 
art. For examples of such harvesters reference is made 
to US-A-4,846,198 which illustrates the conventional 
and twin rotor threshing and separating systems of a 
harvester as well as other major systems of the har- 
vester. See also the New Holland Super Conventional 
Combines TX®66, TX®68, the New Holland TWIN 
ROTOR® combines TR®89 and TR®99 for examples 
of existing conventional and twin rotor harvesters. US- 
A-4,332,262 also illustrates the primary systems of a 
conventional harvester. For further details regarding 
various agricultural harvester systems review US-A- 
4,522,553, US-A-4, 800,71 1 , US-A-4,866,920, US-A- 
4,907,402, US-A-4,967,544 and US-A-5, 155,984. See 
also the New Holland corn head model 996 and the 
New Holland grain belt header model 994 for details 
regarding headers. 

[0004] The previously mentioned threshing and 
separating system consists of several elements. These 
include the threshing rotor, concave, grain pan, sieves 
and fans. Of critical importance is the control of the rota- 
tion of the rotors. Typically, the engine would transmit 
rotational energy to the rotor by a belt drive. The belt 
drive could be engaged by a clutch or variable sheave 
arrangement. However, in order to increase the amount 
of crop processed by the harvester, the size, weight and 
power consumption of the rotors are being increased to 
levels above the tolerances of belt driven technology. To 
prevent the loss of the belt (and consequently the rota- 
tion of the rotor), hydraulic drive systems have been 
proposed to transmit the rotational energy from the 
engine to the rotor, as illustrated by DE-A-1 ,297,391 . 
[0005] Additionally, it is difficult to start rotating a 
heavy rotor under certain crop conditions. Besides plac- 



ing an enormous amount of stress on the belt drive, 
there is an enormous amount of stress placed on the 
clutch used to engage the belt drive. The stress on the 
clutch can be severe resulting in early clutch failure. 
5 Further, there are instances where crop becomes 
plugged between the rotor and concave. In this situation 
it may be desirable to briefly reverse the rotation of the 
rotor to force the plug out. 

[0006] The prior art illustrates these and other diffi- 

10 culties. US-A-5,865,700 discloses a hydromechanical 
transmission. The transmission is powered by an 
engine and hydrostatic motor which derives its power 
from the engine. A single clutch controls the input of the 
engine power and input of the hydrostatic motor power 

15 by means of a control circuit. However, If input from the 
hydrostatic motor is not precisely synchronised the 
input of the hydrostatic motor could brake the engine 
resulting in potentially disastrous damage to the engine. 
US-A-5,667,452 discloses a split torque transmission 

20 and US-A-4,01 9,404 discloses a power transmission. In 
both designs there are limits to the ability to slowly 
engaging the clutch so as to prevent damage. 
[0007] A hydro-mechanical transmission that would 
allow the rotation of the clutch and rotor to be slowly 

25 increased without damage to the clutch would be a 
great improvement. An invention that could resolve 
these issues would represent an improvement to the 
art. 

[0008] A drive system for an agricultural harvesting 
30 machine has to be able to cope with a wide range of 
loads. However the operator always tends to use the 
machine near its maximum capacity. Under these cir- 
cumstances it cannot be excluded that the maximum 
load occasionally is exceeded and that the crop 
35 processing means get stalled. On the one hand, the 
transmission should react to imminent stalling before a 
complete stand-still ensues. On the other hand the 
transmission should provide the means for dislodging 
stuck crop material if the processing means got stalled 
40 after all. 

[0009] Hence it is an object of the present invention 
to provide a versatile transmission system which can 
provide a wide range of operating speeds and operate 
efficiently under a wide range of loads. 
45 [0010] According to the invention there is provided 
an agricultural harvesting machine, comprising: 

an engine having an engine drive shaft; 
a crop processing means comprising a rotor having 
so a rotor drive shaft; and 

a hydro-mechanical transmission system for driving 
said crop processing means, said system compris- 
ing: 

55 - a hydrostatic pump operably connected to said 
engine drive shaft; 

a hydrostatic motor operably connected to said 
hydrostatic pump and having a motor output 
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shaft; 

a clutch operably connected to said engine 
drive shaft and having a clutch output means, 
said clutch being provided with clutch control 
means for engaging and disengaging said 
clutch; 

a planetary drive operably connected to said 

clutch output means and to said motor output 

shaft and having a drive output means operably 

connected to said rotor drive shaft; 

an engine speed sensor for generating a signal 

indicative of the speed of said engine; 

a rotor speed sensor for generating a signal 

indicative of the speed of said rotor; and 

transmission control means for controlling the 

engagement of said clutch and the setting of 

said hydrostatic pump; 

characterised In that said transmission control 
means are operable to control said clutch and 
said hydrostatic pump in accordance to a com- 
bination of said engine speed and said rotor 
speed. 

[0011] The harvesting machine may be a combine 
harvester and the rotor may be a threshing rotor. 
[0012] Advantageously the control means adjust 
the rotor speed to obtain a predetermined ratio of the 
rotor speed to the engine speed. Under these circum- 
stances the rotor speed is diminished in accordance 
with the engine speed. As a result, the control means do 
not try to speed up the rotor while the engine is slowing 
down because of overload. Both the engine and the 
rotor slow down, such that the power requirements are 
diminished and the engine can process the material in 
the machine after all. This rotor speed control allows the 
engine to 'lug' down temporarily in heavy loads without 
increasing torque and stalling. 
[0013] The clutch, preferably a wet clutch, can be 
controlled via a solenoid controlled valve, which allows 
for a gradual engagement of the clutch. The rotation of 
the rotor can be monitored to adapt the engagement 
phasing of the clutch to the actual start-up conditions, 
thereby preventing excessive slippage and protecting 
the clutch. Under extremely heavy conditions, the clutch 
valve may be quickly opened and closed to provide 
additional hydraulic fluid to the clutch allowing for faster 
synchronisation of the clutch. 

[0014] The planetary drive may be provided with a 
braking means for arresting a component thereof. While 
the component is arrested, the hydraulic motor can be 
operated to slowly rotate the rotor backwards for dis- 
lodging a plug of crop material caught between the rotor 
and the threshing concave. 

[0015] The transmission control means may also 
provide for engagement at lower speeds to reduce the 
load (inertia) on the clutch then automatically resetting 
the rotor speed to the desired set speed. 
[0016] An embodiment of the present invention will 



now be described In greater detail, by way of example, 
with reference to the accompanying drawings, wherein: 

Fig. 1 is a cutaway side view of a combine provided 
5 with a threshing mechanism which is driven by a 
hydro-mechanical transmission system; 
Fig. 2 is a schematic figure showing the hydro- 
mechanical transmission system; 
Fig. 3 is a graph illustrating the operation of the con- 
10 trols of the clutch of the system of Fig. 2; 

Fig. 4 is a graph illustrating the relationship 
between the rotational speeds of the sun, ring and 
carrier gears in the planetary drive of the system of 
Fig. 2; and 

15 Fig. 5 is a graph illustrating the adaptive main clutch 
engagement. 

[0017] Left and right references throughout the 
description are used as a matter of convenience and 

20 are determined by standing at the rear of the combine 
and facing the forward end in the normal direction of 
travel. Likewise, forward and rearward are determined 
by normal direction of travel of the combine. Upward or 
downward orientations are relative to the ground or 

25 operating surface. Horizontal or vertical planes are also 
relative to ground. 

[0018] Fig. 1 shows a typical twin rotor combine 1 
having a pair of front wheels 8 (only one shown) and a 
pair of rear wheels 9 (only one shown) for providing 

30 movement over the ground. At the front of the combine 
is a header (not shown) for cutting a crop. As the com- 
bine 1 and header are moved forward, the header cuts 
the grain and stalk. The header moves the grain into an 
auger trough. A transverse auger pushes the grain and 

35 stalk in the auger trough to the centre of the header. The 
header may be positioned and re-positioned relative to 
the ground. The header may also be tilted to the left or 
right or may be positioned relatively high or low to the 
ground. These features are constantly being adjusted 

40 depending on the terrain and crop conditions. Moveable 
headers are well known and established in the art. 
Located at the rear centre of the header is the feeder 
house 3 or elevator. The feeder house 3 moves the 
grain and stalks rearward into the threshing, separation, 

45 cleaning and clean grain systems 5 of the combine 1 . 
After processing, separation and cleaning the grain is 
stored in a grain tank 6 located near the top of the com- 
bine 1 . The grain is transferred from the grain tank 6 to 
a transport vehicle by an unloading auger through the 

so grain tank unload tube 7. Usually during the harvesting 
operations, the unloading auger remains undriven and 
the grain tank unload tube 7 remains retracted as 
shown in Fig. 1 . However, the combine can be unloaded 
'on the go'. A separate vehicle such as a truck or tractor- 

55 pulled grain cart drives beside the moving combine. The 
processed grain is discharged while the combine and 
receiving vehicle are moving. The trash or chaff is 
ejected by a chaff spreader (not shown) from the rear 1 1 
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of the combine. The operator controls the combine 1 
from the cab 2 located behind the header and at the 
front of the combine. From the cab the operator can 
observe most of the various combine functions. The cab 
2 usually has a large glass window or several windows 
which afford the operator the maximum ability to monitor 
the header. The combine 1 and various systems are 
powered by an engine 15 generally positioned at the 
rear of the combine 1. Most of the major systems in a 
combine are discussed and well known in the prior art. 
[0019] The present invention focuses on the hydro- 
mechanical transmission 10 of an agricultural combine 
as seen in Fig. 1 and represented schematically in Fig. 
2. The general elements include the engine 15 power- 
ing a gearbox 20. The rotational power from the gearbox 
20 is transmitted to the rotors 4 (only 1 visible in Fig. 1 ). 
The entire system is controlled by a microcomputer 30 
positioned in the cab 2. The microcomputer 30 receives 
information from an engine speed sensor 33 (proximate 
to the engine 15) and a rotor speed sensor 32 (proxi- 
mate to the front of the rotors 4, beneath the cab 2). 
Using the information received from the sensors 32 and 
33, the microcomputer controls a hydrostatic pump 34, 
a clutch 21 and a planetary drive 25. 
[0020] Now that the general elements have been 
reviewed, the specific elements of the hydro-mechani- 
cal transmission 10 will be discussed in detail. These 
elements may best be seen be viewing Fig. 2. Typically 
the engine 15 rotates an engine drive shaft 16 which 
rotates an engine drive gear 17. The engine drive gear 
17 drives an input gear 43 and the clutch 21 . The input 
gear 43 drives an input shaft 42 which drives the hydro- 
static pump 40. The hydrostatic pump 40 is connected 
to the hydrostatic motor 45 by a first hydrostatic line 41 
and a second hydrostatic line 46. The hydrostatic motor 
45 has a motor output shaft 47 that drives the planetary 
drive 25. The hydro-mechanical drive has an output, the 
rotor drive shaft 29, which drives a pair of rotor bevel 
gear boxes 50. Each rotor gear box 50 drives a rotor 
gear box output shaft 51 which rotates one of the rotors 
4. 

[0021] The single input to the clutch 21, as previ- 
ously mentioned, is the engine drive gear 17 and the 
single output from the clutch 21 is a main output gear 
24. The main output gear 24 drives both the main output 
shaft 23 and the planetary drive 25. The main output 
drive 23 can drive the cleaning shoe, clean grain sys- 
tem, returns system and/or the feeder house 3. It is also 
conceivable to connect the main output gear 24 to the 
rotor drive shaft 29 by means of a conventional belt 
drive. This embodiment would be advantageous for 
smaller diameter rotors or in lighter crop conditions. 
[0022] As previously disclosed both the main output 
gear 24 and the motor output shaft 47 drive the plane- 
tary drive 25. The drive 25 consists of a sun gear 26 
driven by the motor output shaft 47, a ring gear 27 
driven by the main output gear 24 and a planet gear car- 
rier 28. The carrier 28 acts to combine the rotation of the 



ring gear 27 and sun gear 26 as is well known in the art. 
The carrier 28 rotates the rotor drive shaft 29. 
[0023] Controlling the hydrostatic pump 40, clutch 
21 and planetary drive 25 is the microcomputer 30. It 

5 receives signals from the engine speed sensor 33 and 
the rotor speed sensor 32. The sensors 33 and 32 are 
conventional rotational speed sensors which monitor 
the rotation of the engine 15 and a rotor. The engine 
speed sensor 33 sends a signal 37 to the microcom- 

10 puter. Likewise, the rotor speed sensor 32 sends a sig- 
nal 36 to the microcomputer 30. The microcomputer 30 
can use the information from the sensors 32 and 33 to 
send a signal 34 to the hydrostatic pump 40. By adjust- 
ing the angle of the swash plate in the pump 40, the 

15 speed of the hydrostatic motor's output shaft 47 may be 
adjusted in a conventional and infinitely variable man- 
ner. 

[0024] Controlling the clutch 21 is a solenoid con- 
trolled clutch valve 55. Preferably but not necessarily 

20 this valve is a solenoid actuated, proportional pressure 
reducing valve. The actuation of the clutch valve 55 
allows a quantity of hydraulic fluid to enter or leave the 
clutch 21 in order to control the pressure applied to the 
clutch 21. The microcomputer 30 transmits a signal 35 

25 to solenoid actuating the clutch valve 55 and allowing 
pressurised hydraulic fluid to enter the clutch 21 from a 
feed pump (not shown) which draws from a reservoir. 
[0025] The microcomputer 30 is also capable of 
sending a signal 35 to a solenoid actuated valve 52. 

30 This valve 52 controls a conventional piston and cylin- 
der arrangement 53 that extends to contact a brake 54. 
The brake 54 is provided to the ring gear 27 of the plan- 
etary drive 25. The actuation of the valve 52 extends the 
piston and cylinder 53 and prevents the rotation of the 

35 ring gear 27. In another embodiment, the brake 54 
could be a park pawl contacting one the gear teeth on 
the ring gear 27. The microcomputer 30 also has a 
switch or keyboard 31 that allows the operator to set the 
desired speed of the rotors 4 in the microcomputer 30. 

40 [0026] During regular farming operations with the 
clutch 21 engaged, the engine 15 drives the engine 
drive shaft 16 that rotates the engine drive gear 17. The 
engine drive gear 17 drives the clutch 21 and the input 
gear 43 to the hydrostatic pump 40. The output of the 

45 clutch 21 is transmitted to the ring gear 27 by the main 
output gear 24. The hydrostatic pump 40 drives the 
hydrostatic motor 45 which rotates the motor output 
shaft 47. The motor output shaft 47 drives the sun gear 
26. The rotation of ring gear 27 and sun gear 26 can 

so result in a rotational range of speed and power being 
transmitted to the carrier 28 and consequently the rotors 
4. In this manner the engine 16 may be operated at 
peak efficiency and by adjusting the swash plate on the 
hydrostatic pump 40 the rotor speed can be altered. As 

55 illustrated by graph A of Fig. 4, the engine 16 and ring 
gear 27 are rotating at a fixed rate of 2100 revolutions 
per minute (rpm) (ring gear R in Fig. 4). The hydrostatic 
motor 45 which is adjustable by the hydrostatic pump 
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40, has an approximate range of +3000 rpm to -3000 
rpm (sun gear S in Fig. 4). The speed of carrier 28 or 
rotor 4 can be adjusted from a range of approximately - 
400 rpm to 2400 rpm (carrier C in Fig. 4). 
[0027] Adjustment to the speed of the rotor 4 Is 5 
accomplished by the microcomputer 30 receiving a sig- 
nal 36 from the rotor speed sensor 32 and comparing 
that speed to the signal 37 received from the engine 
speed sensor 33. Speed control of the rotors is based 
on a percentage or ratio of the speed of the engine. In a 10 
typical operation, the operator starts the combine with 
the engine at low idle. The operator then engages the 
clutch 21 and increases the engine speed to the 'rated' 
speed (approximately 2100 rpm). The operator then 
sets the desired rotor speed (with no crop in the rotors 15 
4). 

[0028] The transmission 10 uses a hydrostatic 
pump and motor so It is possible for these device to 
have some internal leakage that increases with higher 
loads, therefore it is necessary to continuously monitor 20 
and control the rotor speed so that the rotor speed does 
not decrease due to this leakage. Typical speed control 
would only compare actual rotor speed signals to the 
desired set point. However, it was found advantageous 
to adjust the rotor speed based on a wanted ratio of the 25 
rotor speed to the engine speed. For instance, if the 
engine is set at 2000 rpm and the operator sets the rotor 
speed to 1000 rpm, then the ratio is 1/2. This value fol- 
lows from the speed settings made through the switch 
or keyboard 31 and is saved in the memory of the micro- 30 
computer 30. If the operator then reduces the engine 
speed to 1000 rpm, the controls decrease the rotor 
speed to 500 rpm. This is advantageous because, when 
operating in very heavy crop conditions (at maximum 
engine power) and a slug load of crop entering the 35 
rotors, the engine will lug down. With the present control 
system, the hydraulic motor 45 is equally slowed down, 
such that also the rotor speed decreases, resulting in an 
indication to the operator that the machine is over- 
loaded. The operator can derive therefrom that he 40 
needs to lower the rotor power in order to allow the 
engine to recover. This can be obtained from slowing 
down the combine such that less crop material is taken 
in. Without this ratio control, the engine 15 is more 
prone to getting stalled. Overload would make the 45 
engine lug down and the rotor speed would also 
decrease. However, the operator or controller would try 
to increase rotor speed to maintain the set speed. This 
is undesirable because the controller would try to 
deliver more hydraulic power and thus lug the engine so 
down further eventually stalling the engine. 
[0029] In order to reverse the rotation of the rotors 4 
so as to eject plugged crop material, the microcomputer 
30 sends a signal 35 to the solenoid actuated valve 52 
while ensuring the clutch 21 is disengaged. This valve 55 
extends the piston cylinder 53 into contact with the 
brake 54 preventing the movement of the ring gear 27. 
The microcomputer 30 also transmits a signal 34 to the 



hydrostatic pump 40 to reverse the angle of the swash 
plate, thus reversing the rotation of the hydrostatic 
motor 45 and motor output shaft 47. This reverses the 
rotation of the sun gear 26, rotor drive shaft 29, the rotor 
gear box output shaft 51 and ultimately the rotors 4. As 
seen in Fig. 4, graph B, when the ring gear 27 (R in Fig. 
4) is braked, the speed of the carrier 28 (C in Fig. 4) and 
the rotor 4 can range from approximately +1500 rpm to 
-1500 rpm. Instead of prolonged reverse rotation to 
eject plugged material completely from the rotors 4, one 
could also use alternate rotation of the rotors from back- 
ward to forward and vice versa, in order to dislodge the 
plugged material and to force it through the rotor con- 
caves. To this end it suffices to brake the ring gear 27 
and to keep changing the position of the pump swash 
plate. 

[0030] The brake 54 can also be actuated to slow 
down the rotors 4 when the threshing, separating and 
cleaning system 5 is disengaged. The rotors 4 are high 
inertia components which take several seconds before 
they come to a standstill. This run-out interval can be 
shortened considerably using the brake 54. The brake 
54 also should be engaged when the engine 15 is run- 
ning but the threshing system is not engaged. Other- 
wise the drag in the disengaged clutch 21 may still 
provide a minor torque on the planetary drive 25, which 
may slowly rotate the rotors 4. Such situation is hazard- 
ous to people working around the rotor area. 
[0031] When initially starting the rotation of the 
rotors 4 or when heavy crop is encountered, the follow- 
ing procedure can be followed. The microcomputer 30 
sends a signal 38 to the solenoid actuated, electro- 
hydraulic proportional pressure reducing valve 55 which 
controls the pressure to the hydraulic (or wet) clutch 21 . 
As seen in Fig. 3, the valve 55 opens, connects and fills 
the clutch 21 with a quantity of hydraulic fluid from the 
reservoir. After an Interval of time, the clutch 21 should 
be synchronised and fully engaged. Meanwhile the 
microcomputer monitors the signals 37 and 36 from the 
engine and rotor speeds sensors 33 and 32. In the 
event that the load on the rotor 4 is too great and the 
clutch 21 is not synchronised, the microcomputer 30 will 
detect a speed discrepancy. Upon detection of this 
error, a signal 38 can be sent to the clutch valve 55 per- 
mitting more fluid to enter the clutch 21 . 
[0032] Figs 3 and 5 illustrated several options avail- 
able for synchronising the clutch 21. The graphs do not 
show the actual pressure realised in the clutch, but the 
pressures at which the solenoid actuated, proportional 
pressure reducing valve 55 is set. There is always some 
delay between a change of a pressure setting for the 
valve and the achievement of the set pressure inside the 
clutch 21 . In Fig. 3, at initial start up, a signal 38 is sent 
to the valve 55 to open it for a short interval (e.g. 40 ms) 
in order to fill the clutch 21 . Thereafter the set pressure 
is reduced. At approximately 60 ms, the clutch 21 
should start to carry torque and transmit power. The set 
pressure is now increased gradually to provide for a 
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smooth engagement of the clutch. At point C, the clutch 
should have started rotating the rotor 4 although there 
still may be some slippage. Point D is when the clutch 
should be completely synchronised. Now the clutch 
should be pressurised to the full hydraulic pressure 5 
such that it may transmit a full load without slippage. 
[0033] Curve B on Fig. 3 illustrates the clutch 
engagement when the threshing system 5 is not empty 
at start-up or in heavy crop conditions. In this instance, 
the slow, gradual increase in clutch pressure according 
to graph A in Figure 3, may delay the engagement of the 
rotor 4 for too long, such that too much energy is dissi- 
pated in the slipping clutch 21. This may cause perma- 
nent damage or premature wear to the components of 
the clutch 21 . Therefore it is advantageous to control the 
valve 55 to increase the pressure along the steeper 
graph B in Figure 3. The clutch engagement may be 
less smooth, but the slippage is limited, such that the 
amount of heat produced inside the clutch body is sub- 
stantially less. 

[0034] Fig. 5 illustrates another course of action. 
The microcomputer 30 monitors the rotor signal 36 dur- 
ing start-up. At point C, e.g. after two seconds, the rotor 
should have rotated half a revolution. If this amount of 
rotation is not found, the clutch is far from synchronised 
and the threshing mechanism is assumed to be 
plugged. To continue to operate the clutch 21 in this 
manner over an extended period will damage the clutch 
21 . The microcomputer 30 is programmed to derive this 
plugging condition from the rotor speed sensor and to 
react thereto by sending a signal 38 to the clutch valve 
55 to open it almost instantly (graph F in Fig. 5). The 
valve allows more hydraulic fluid to enter the clutch 21 . 
This increased pressure allows the clutch 21 to syn- 
chronise quickly and to transmit the full engine torque to 
the rotor 4. 

[0035] Depending on the type of heavy conditions 
the rotor 4 is experiencing, the microcomputer 30 can 
transmit different signals 38 to the clutch valve 55. 
These are compared in Fig. 5 to the normal start up 
mode (line A in Fig. 5 and as previously discussed and 
seen in Fig. 3). One alternative mode allows for a peri- 
odic 'spike' (line G in Fig. 5) or brief opening of the 
clutch valve 55 so as to allow a quantity of hydraulic fluid 
to enter the clutch 21 . Another mode (line F in Fig. 5) 
allows for the clutch valve 55 to be opened when the 
lack of synchronisation of the clutch 21 (as previously 
discussed) is detected. Of course, both of these modes 
could be used. 

[0036] The rotors 4 are heavy, large inertia parts 
and it is necessary during the initial rotor engagement to 
reduce stress on the engine, reduce stress of drives and 
provide smoother (and more pleasing) operation to the 
operator during the initial start-up period. To accomplish 
this the microcomputer can also effect slow engage- 
ment of the rotors 4. For Instance, even though an oper- 
ator may request a rotor speed that is very high, the 
microcomputer can temporarily change the swash plate 



of hydraulic pump 40 to engage the rotors 4 at a slower 
speed. The clutch 21 is engaged until synchronous. The 
rotors 4 are now rotated at a lower than operator desired 
speed. Finally the hydraulic pump swash plate Is 
adjusted to realise originally desired speed. In this man- 
ner the clutch 21 only has to speed up the rotor 4 par- 
tially and the hydraulic pump 40 and motor 45 speed up 
the rotor the remainder. 

[0037] It will be obvious to those skilled in the art 
that various changes may be made without departing 
from the scope of the invention and the invention is not 
to be considered limited to what illustrated in the draw- 
ings and described in the specification. For instance, 
the hydro-mechanical transmission system may also be 
used for driving a threshing system having only one 
threshing rotor. It can also be used for driving crop 
processing systems in other types of harvesting 
machines. It is envisageable to use the transmission 
system for driving the cutterhead in a forage harvester 
or for driving a header which collects crop material from 
a field and feeds it to the crop processing system of the 
harvesting machine. In the described embodiment 
power from the clutch 21 is transferred upon the plane- 
tary drive 25 by the main output gear 24. This gear may 
be replaced by other drive means such as a belt or 
chain transmission. It is also possible to use the engine 
15 and the clutch 21 to drive the sun gear 26, and the 
hydrostatic motor 45 to drive the ring gear 27 of the 
planetary drive 25. Then the brake means can be 
installed on the drive shaft of the sun gear. 

Claims 

1. An agricultural harvesting machine (1 ), comprising: 

an engine (16) having an engine drive shaft 
06); 

a crop processing means (5) comprising a rotor 
(4) having a rotor drive shaft (29); and 
a hydro-mechanical transmission system (10) 
for driving said crop processing means (5), said 
system comprising: 

a hydrostatic pump (40) operably con- 
nected to said engine drive shaft (16); 
a hydrostatic motor (45) operably con- 
nected to said hydrostatic pump (40) and 
having a motor output shaft (47); 
a clutch (21) operably connected to said 
engine drive shaft (16) and having a clutch 
output means (24), said clutch (21) being 
provided with clutch control means (55) for 
engaging and disengaging said clutch 
(21); 

a planetary drive (25) operably connected 
to said clutch output means (24) and to 
said motor output shaft (47) and having a 
drive output means operably connected to 



75 



20 



25 



30 



35 



40 



45 



50 



6 



11 



EP1 072 817A2 



12 



said rotor drive shaft (29) ; 
an engine speed sensor (33) for generat- 
ing a signal (37) indicative of the speed of 
said engine (15); 

- a rotor speed sensor (32) for generating a s 
signal (36) indicative of the speed of said 
rotor (4); and 

- transmission control means (30, 31) for 
controlling the engagement of said clutch 
(21) and the setting of said hydrostatic 10 
pump (40); 

characterised in that said transmission 
control means (30, 31) are operable to 
control said clutch (21) and said hydro- 
static pump (40) in accordance to a comb!- 15 
nation of said engine speed and said rotor 
speed. 

2. An agricultural harvesting machine according to 
claim 1 , characterised in that: 20 

said transmission control means (30, 31) com- 
prise means (31) for entering a value for the 
ratio of the rotor speed to the engine speed; 
said transmission control means (30, 31) are 25 
operable to control said clutch control means 
(55) and said hydrostatic pump (40) to adapt 
said rotor speed such that said ratio is equal to 
said entered value. 

30 

3. An agricultural harvesting machine according to 
claim 1 or 2, characterised in that said transmission 
control means (30, 31) comprise a microcomputer 
(30) comprising: 

35 

a means for receiving said signal (37) from said 
engine speed sensor (33); 
a means for receiving said signal (36) from said 
rotor speed sensor (32); 

a means for sending a pump control signal (34) 40 
to said hydrostatic pump (40); 
a means for sending a clutch control signal (38) 
to said clutch control means (55). 

4. An agricultural harvesting machine according to 45 
claim 3, when appended to claim 2, characterised 

in that said transmission control means (30, 31) fur- 
ther comprises: 



said hydro-mechanical transmission system 
(1 0) further comprises drive control means (52, 
53) for controlling a component (27) of said 
planetary drive (25); and 
said transmission control means (30, 31) com- 
prise means for sending a drive control signal 
(35) to said drive control means (52, 53). 

6. An agricultural harvesting machine according to 
claim 5, characterised in that said drive control 
means (52, 53) comprise a braking means (53) for 
arresting said component (27) of said planetary 
drive (25). 

7. An agricultural harvesting machine according to 
claim 5, characterised in that: 

said component (27) is a ring gear operably 
connected to said clutch output means (24); 
and 

said planetary drive (25) further comprises: 

- a sun gear (26) operably connected to said 
motor output shaft (47) of said hydrostatic 
motor (45); and 

- a planet gear carrier (28) operably con- 
nected to said drive output means (29). 

8. An agricultural harvesting machine according to 
claim 6 or 7, characterised in that said drive control 
means (52, 53) comprise: 

a valve (52) operable to receive said drive con- 
trol signal (35); and 

a hydraulic cylinder assembly (53) operably 
connected to said valve (52) and disposed 
adjacent said component (27) for contacting 
said component (27) upon actuation of said 
valve (52) in response to said drive control sig- 
nal (35). 

9. An agricultural harvesting machine according to 
claim 6 or 7, characterised in that said braking 
means comprise: 

a park pawl disposed adjacent said component 
(27) for arresting said component (27) in 
response to said drive control signal. 



means (31 ) for entering a value for the wanted so 
engine speed and a value for the wanted rotor 
speed; and 

means for deriving said ratio value from said 
engine speed and rotor speed values. 

55 

5. An agricultural harvesting machine according to 
any of the preceding claims, characterised in that: 



10. An agricultural harvesting machine according to 
any of the preceding claims, characterised in that 
said clutch control means comprise a solenoid 
actuated, proportional pressure reducing valve 
(55), connected to said transmission control means 
(30, 31) for engaging and disengaging said clutch 
(21) in response to a clutch control signal (38) from 
said transmission control means (30, 31). 
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11. An agricultural harvesting machine according to 
claim 10, when appended to claim 3, characterised 
in that said microcomputer (30) is programmed to 
generate a clutch control signal (38) which 
increases gradually for smooth engagement of 5 
clutch (21). 

12. An agricultural harvesting machine according to 
any of the preceding claims, characterised in that 
said rotor drive shaft (29) is operably connected to w 
said rotor (4) by a bevel gearbox (50). 

13. An agricultural harvesting machine according to 
any of the preceding claims, characterised in that 
said clutch (21), said clutch output means (24) and is 
said planetary drive (25) are mounted into a single 
gearbox (20). 

14. An agricultural harvesting machine according to 
any of the preceding claims, characterised in that 20 
planetary drive (25) is operably connected to said 
clutch output means by a main output gear (24) 
which is operable to drive further components (3) of 
said agricultural harvesting machine. 

25 

15. An agricultural harvesting machine according to 
claim 13, characterised in that said harvesting 
machine is a combine harvester (1), said rotor is a 
threshing rotor (4) and said further components 
comprise an elevator (3). 30 

16. A method of operating an agricultural harvesting 
machine according to any of the preceding claims, 
said method comprising the steps of: 

35 

monitoring the signal (37) of said engine speed 
sensor (33) and the signal (36) of said rotor 
speed sensor (32); 

calculating the ratio of the rotor speed to the 
engine speed; ao 
comparing the calculated ratio to a speed ratio 
value entered into the transmission control 
means (30, 31); and 

upon said ratio deviating from said entered 
value, sending a signal (34) to said hydrostatic 45 
pump (40) to decrease or increase the flow of 
hydraulic fluid to said hydrostatic motor (45) in 
order to change the speed of said drive output 
means (29) and of said rotor drive shaft (29) 
until said speed ratio is re-established to said so 
entered speed ratio value. 

17. A method according to claim 16, characterised in 
that entering said speed ratio value into said trans- 
mission control means (30, 31 ) comprises: 55 

entering a value for the wanted engine speed; 
entering a value for the wanted rotor speed; 



and 

deriving said speed ratio value from said 
entered engine and rotor speed values. 

18. A method of operating an agricultural harvesting 
machine according to claim 10, comprising the 
steps of: 

giving a clutch engagement command to said 
transmission control means (30, 31); 
providing a clutch control signal (38) to said 
valve (55) for steadily increasing the pressure 
on said clutch (21) until a predetermined maxi- 
mum pressure is reached; 
monitoring the signal (36) of said rotor speed 
sensor (32) in order to determine the rotation of 
said rotor (4); 

after a predetermined time interval, comparing 
the determined rotation with a minimum thresh- 
old in order to check for excessive slippage of 
said clutch (21); and 

when said determined rotation falls below said 
threshold, interrupting said steadily increasing 
clutch control signal (38). 

19. A method according to claim 18, characterised in 
that said minimum threshold is no more than half a 
revolution and said predetermined time interval is 
no less than two seconds. 

20. A method according to claim 18 or 19, character- 
ised in that it comprises the further step of: 

providing a steeply increasing clutch control 
signal (38) to immediately apply said maximum 
pressure to said clutch (21) and effect full 
engagement thereof. 

21. A method according to claim 18 or 19, character- 
ised In that it comprises the further step of: 

providing a peak clutch control signal (38) to 
apply a momentary pressure peak (G) to said 
clutch (21) in order to momentarily reduce the 
slippage thereof. 

22. A method according to any of the claims 18 to 21, 
characterised in that said clutch control signal (38) 
comprises a high initial portion for instantly filling 
said clutch (21) with hydraulic fluid and effecting pri- 
mary engagement of said clutch (21). 

23. A method of operating an agricultural harvesting 
machine according to claim 6, comprising the steps 
of: 

disengaging said clutch (21); 

actuating said braking means in order to arrest 
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said component (27) of said planetary drive 
(25); and 

sending a signal to said hydrostatic pump (40) 
to reverse the flow of hydraulic fluid to said 
hydrostatic motor (45) in order to reverse said 5 
drive output means and said rotor drive shaft 
(29) for dislodging of material stuck in said crop 
processing means (5). 

24. A method according to claim 23, characterised in w 
that it comprises the further steps of: 

actuating said braking means for continued 
arresting of said component (27) of said plane- 
tary drive (25); and is 
sending a signal to said hydrostatic pump (40) 
to reinstate normal flow of hydraulic fluid to said 
hydrostatic motor (45) in order to rotate said 
drive output means and said rotor drive shaft 
(29) in the normal direction at a reduced speed 20 
for further dislodging of material stuck in said 
crop processing means (5). 
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